. Essa associação persistiu tanto para os tumores de tipo intestinal (OR = 2,16; I.C. 95% 0,92, p de tendência 0,031), quanto para os de tipo difuso (OR = 4,48; I.C. 95% 1,94, p de tendência 0,018). O consumo de cerveja e bebidas destiladas (conhaque, rum, tequila) não esteve associado com maior risco de CG.
Introduction
Heavy consumption of red wine (Hoey et al., 1981; Falcão et al., 1994) and the habit of drinking vodka ( Jedrychowski et al., 1986; Jedrychowski et al., 1993) have been shown to increase the risk for developing gastric cancer (GC) in case-control studies from France (Hoey et al., 1981) , Portugal (Falcão et al., 1994) , and Poland ( Jedrychowski et al., 1986; Jedrychowski et al., 1993) , respectively. In the United States, total ethanol consumption was associated with an increased risk of cancer in the gastric body, cardia, and fundus (Wu-Williams et al., 1990) . In contrast, some prospective and other-case control studies performed in Europe and Asia did not find an association between total alcohol consumption and GC (Kono & Hirohata, 1996) .
Some studies focused on potential differences regarding the anatomic site of GC, while the histological type of the tumor has scarcely been evaluated in relation to alcohol intake. Furthermore, no information has been published for Latin American countries, where GC is one of most frequent malignant neoplasms (WHO, 1970) . This paper presents the results of an assessment of alcohol consumption, including the popular liquor tequila (a Mexican spirit distilled from the juice of a specific cactus), in relation to GC incidence and its histological types, using data from a population-based case-control study conducted in Mexico City.
Methods
Detailed information about the study has been published elsewhere (López-Carrillo et al., 1994) . In short, our study population comprised 220 newly diagnosed and histologically confirmed cases of adenocarcinoma of the stomach from fifteen large hospitals and 752 population-based controls from the Greater Mexico City Metropolitan Area. The cases represented some 80 percent of the stomach cancer cases reported to the Mexican National Cancer Registry by hospitals in Greater Mexico City during the study period.
Sociodemographic characteristics and frequency and amount of consumption of 79 food items, including 5 alcoholic beverages, were recorded through structured personal interviews. Direct interviews were performed in 78% of the cases; the remaining cases were seriously ill, and the interview had to be done with the spouse, a daughter, or a son. To balance this situation, 7% of the controls were randomly selected for indirect interviews with equivalent surrogate responders. Cases were asked about their alcohol and food consumption over a 12-month period before the onset of symptoms, while controls were asked about the same habits in the 12-month period preceding the interview. It is our assumption that alcohol and dietary habits during these periods reflected longer-term adult dietary habits.
Alcohol consumption and smoking
A semi-quantitative food frequency questionnaire was used to evaluate the consumption of beer, wine, brandy, rum, and tequila. The ethanol content was estimated in grams, using the Food Intake Analysis System 3.0 software. To estimate ethanol intake, the following equivalencies were used: one drink (1 oz or 30 ml) of tequila = 14.03 g of ethanol; one drink (200 ml can/bottle) of beer = 12.96 g; one drink (60 ml) of wine = 9.58 g; and one drink of rum or brandy (30 ml) = 14.03 g of ethanol.
Smoking was measured as a score of lifetime exposure, multiplying the current and/or past average daily number of cigarettes smoked times years' duration of the habit (cigarettes/ day x years of smoking).
Other risk factors for gastric cancer
Intake of foods potentially related to GC was measured as follows: for chili pepper, all subjects were asked to rate their own level of consumption as none, low, medium, or high. Information on frequency of consumption of 17 fruits was grouped as one single variable representing daily consumption. The same procedure was used for 13 vegetables and 4 processed meats. Salt intake was measured as a dichotomous variable, whether or not the subject habitually added salt to meals before tasting them. Socioeconomic status was determined as a function of having sewage disposal and/or running supply in the household.
Statistical analysis
The effects of known and potential risk factors for GC according to three categories of alcohol intake were assessed in our sample by means of t-tests and/or χ 2 statistics. Potential interactions between alcohol consumption and each of the GC risk factors were assessed by looking at the change in the likelihood ratio statistic for the interaction term of interest (i.e., grams of alcohol intake times the particular variable) in the logistic regression models for GC.
Adjusted odds ratios for the effects of total ethanol and individual intake of beer, wine, and distilled alcoholic drinks on GC risk were obtained by fitting unconditional multivariate logistic models to the data. These models were estimated for adenocarcinomas of the stomach and each histological type of GC (i.e. intestinal and diffuse) including known and potential risk factors for gastric cancer (age, sex, total calories, consumption of chili pepper, fruits, vegetables, salt, and processed meats, plus cigarette smoking, socioeconomic status, and history of peptic ulcer).
The existence of linear trends for particular types of alcoholic drinks and total ethanol (in grams) in relation to GC risk was assessed taking each categorical alcoholic beverage at a time as a continuous variable in the multivariate logistic regression models.
All analyses were performed using the software STATA 5.0 (Stata Corporation, College Station, Texas). Table 1 shows the selected characteristics of the study population. As expected by design (age frequency matching), mean ages for cases and controls were almost identical, around 58 years. There was a significant excess of women in the control group (60.6% vs. 44.5%).
Results
Average calorie intake was similar in the study population. In contrast, there was a significantly higher proportion of alcohol consumers among cases as compared to controls, with a significantly higher daily consumption of total ethanol (7.3 g among cases vs. 4.0 g among controls) and ethanol from beer (5.5 g among cases vs. 2.9 g among controls). Ethanol consumption from wine and distilled alcoholic beverages was not statistically different among cases and controls.
According to histological type, there were similar proportions of intestinal and diffuse tumors among the cases. Table 2 shows the age-, sex-, and calorieadjusted odds ratios for the effects of known and suspected GC factors, according to three categories of alcohol consumption. Among alcohol abstainers, we found a protective effect of vegetable and fruit consumption, which was independent of alcohol consumption (i.e. this protective effect was evident for both teetotalers and alcohol consumers). No interaction ALCOHOL CONSUMPTION AND GASTRIC CANCER 27 Table 1 Selected characteristics of the study population. was found between alcohol consumption and vegetable or fruit consumption.
Likewise, an increased risk due to consumption of salt, processed meats, and chili pepper was detected among non-alcohol drinkers. In the presence of alcohol consumption, the effect of salt and chili pepper on GC risk was smaller, while the effect of processed meat intake remained similar to that observed for teetotalers. None of these three factors (salt, processed meats, and, chili pepper) showed a significant interaction with alcohol consumption in relation to GC risk.
Smoking increased GC risk among both teetotalers and those who consumed less than 5g of alcohol per day, while the opposite effect was observed among individuals who consumed more than 5g of alcohol per day. The interaction term for smoking and alcohol intake did not reach statistical significance.
Multivariate models for the effect of ethanol and the preferred alcoholic beverages consumption on GC risk are shown in Table 3 . Total ethanol consumption increased the risk of developing GC up to 1.93 times for those who consumed ≥ 5 g (95% CI 1.00-3.71) every day, with a borderline significant test for trend (p = 0.068). Neither beer nor distilled beverages had a significant effect on GC. In contrast, wine consumption produced a significantly in- Table 2 Age-and sex-adjusted odds ratios and 95% confidence intervals for the effect of known and suspected risk factors for gastric cancer by alcohol consumption.
Risk factor
Alcohol creased risk of GC (OR ≥ 1 drink of wine per day vs. non-wine consumers = 2.93 95% CI 1.27-6.75) independently of known factors for this malignant tumor and other alcoholic beverages (beer and distilled). The increased risk of GC due to wine consumption held for both histological types (intestinal: OR = 2.16, CI 95% 0.68-6.92, p-value for trend = 0.031; and diffuse: OR = 4.48, CI 95% 1.44-13.94, p-value for trend = 0.018). No significant increase in GC risk was observed for total ethanol or any other alcoholic beverage consumption among GC cases by histological type (Table 4) .
Discussion
The results of this study show that wine consumption is positively associated with the risk of developing gastric cancer (OR = 2.93; CI 95% 1.27-6.75), and this association remained among intestinal (OR = 2.16; CI 95% 0.68-6.92, p-value for trend = 0.031) and diffuse (OR = 4.48; CI 95% 1.44-13.94, p-value for trend = 0.018) gastric cancer cases. This effect was independent of other known risk factors for this neoplasm with a statistically significant monotonic trend, suggesting that risk increases along with wine consumption. Consumption of beer and distilled alcoholic beverages including brandy, rum, and tequila was not associated with GC risk and, and a borderline significant trend between GC risk and total ethanol intake was observed.
Our results are in line with the findings of two published studies from France (Hoey et al., 1981) and Portugal (Falcão et al., 1994) . In the former country an odds ratio of 6.9 (CI 95% 3.3-14.3), was estimated for the effect of 568 grams of alcohol (i.e., ethanol) consumption or more per week on the GC risk, with an apparent dose response relationship; the authors mention that alcohol consumption in their study population was mainly wine intake. Likewise, the study from Portugal reported an odds ratio of 2.61 (CI 95% 1.01-6.78) for subjects with a weekly intake of more than 559g of red wine and a significant trend in regard to increasing amounts of red wine intake.
Two studies from Poland also found a positive association between alcohol consumption, Table 3 Effect of consumption of ethanol and preferred alcohol beverage on gastric cancer risk. specifically that vodka, with GC (Jedrychowski et al., 1986; Jedrychowski et al., 1993) . The authors reported a three-fold increase in GC risk for those drinking vodka at least once a weak ( Jedrychowski et al., 1993) , as well as for subjects drinking alcohol on an empty stomach, that is, before breakfast. Some methodological features must be taken into account when interpreting the results of our study. The assessment of ethanol and each specific alcoholic beverage in regard to histological type of tumor was limited by the sample size. Hence, the lack of a statistically significant trend among intestinal and diffuse gastric cancer cases in relation to their consumption of total ethanol, wine, and distilled beverages might be the result of an insufficient number of cases.
Differential recall from cases and controls cannot be entirely ruled out, because the possibility does exist that the cases could have answered in a different fashion than controls, perhaps attributing their illness to alcohol consumption. It also possible that there was some degree of underreporting of alcohol consumption on the side of the controls, but the latter situation is unlikely given that both interviewers and interviewees unaware of the hypothesis being tested.
We can not entirely rule out differential reporting; nonetheless, had this problem been present (specifically among the cases) we should have obtained similar patterns for red wine consumption and other beverages such as brandy or tequila, which are much more commonly consumed in Mexico. Moreover, when consumption of other dietary items like vegetables, processed meats, and salt was being assessed, the patterns of results were always in the expected direction; hence, it seems unlikely that either cases or controls could have influenced the results, for a particular factor, in a specific direction.
The method of control selection favored the recruitment of women and persons who tended to stay at home. Selection bias would have occurred if alcohol consumption were associated with gender and/or the fact of staying at home. However, the models were adjusted by sex, and inclusion of occupation (housewife, retired, and unemployed vs. all other oc- On the other hand, the control group was accrued by visiting households selected from a sampling frame specifically devised for the National Health Survey of 1987; the latter means that our control group was a random sample of the subjects living in Mexico City at the time of the study. Therefore, overall prevalence of alcohol consumption among controls (37.9%) was similar to that reported a year later by the National Addictions Survey (31.2%) (DGE, 1990) and lower than the prevalence expected for subjects attending the health services. Use of a population-based control group helps explain why even at a low level of wine consumption we were able to detect an association, in contrast to the much higher levels of wine consumption observed for both cases and controls in the European studies. Another important difference with those studies was that our referent category comprised only total abstainers, while they combined the latter subjects reporting a low level of wine consumption.
Currently, there are at least two plausible mechanisms regarding the carcinogenic potential of alcohol. One is that ethanol induces direct damage to the cell membrane; therefore, epithelia that come into contact with alcohol more frequently should be more likely to display such an effect. This hypothesis has been cited as an explanation for the associations between alcohol consumption and cancer of the mouth, oropharynx, larynx, and stomach (Rothman, 1995) .
The second causal pathway implies that, besides ethanol, alcoholic beverages contain other compounds which in turn are responsible for the carcinogenic effect. Such is the case for nitrosamine precursors found in apple brandy and cider (Walker et al., 1979) . It is worth mentioning that the content of non-ethanol compounds varies among the different types of alcoholic beverages as well as among countries, and these facts could partly explain the differences observed in the studies published so far. On the other hand, a limitation of our study was the inability to distinguish among different kinds of wine.
Finally, the results of our study point to the need for carrying out further research on the issue of alcohol consumption and the incidence of gastric cancer, even among populations with moderate to low levels of exposure.
